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The name and complete, address of the manufacturer or distributor of the dietary 
supplement that contains a new dietary ingredient, or of the new detary ingredient. 

The manufacturer of the new dietary ingredient is: 

Kaneka Corporation 
Ftirlctional Foods Development Division 
3-2;1-, ~aka~shjma, Kita-Ku 
Osaka 530-8288, Japan 
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Bridgewater, NJ 08807 
Phdne: 908-429-9202 
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The name of the new dietary ingredient, 

KANEKA QH” brand of ubiquinoi. 
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Description of the diet&y supplement or dietary supplements that contain the dietary 
ingredient including (i) ;the level of the dietary in~edi~nt.i~ thq di ry supplement, and 

(ii) the conditions of use recommended -or suggekted in the Iabelin~ of the dietary 
supplement, or if nq ctinditions of use are recommended or sqgg&stad in the labeling of 
the dietary supplemen& the ordinary conditions of use of t&t supplement. 

The dietary supplement’containing KANEKA QH” will be in softgef capsule form. The KANEKA 
QH” softgel capsuies will be clearly lab&d and promoted-as a dietary supplement. A 
description of the number of softgei capsules per serving size wiil appear on the label, and each 
serving of the dietary supplement will contain 50 mg of KANEKA QH”. Consumption of up to 6 
servings per day will be suggested or recommended in the label. directions, resuiting in a 
maximum daily consum$ion of up to&O mg KANE@ Q~~.(e~u~~le~t to 6 mglkglday for a 50 
kg body weight person). 
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SECTION 4 

The history of use or other evidence of safety est~blisb~~g-Tut the dietary ingredient, 
when used under the conditions,recammen:ded or suggested in the labeling of the 
dietary supplement, wiil reasonably be expected to bc safe# i~~l’ud~n~ any citation to 
published articles or other evidence that is the basis. on which the distributor ar 
manufacturer has,concSuded that the dietary supplement will reasonably be expected to 
be safe. 

4.1 .I Chemical tdentity of vbiqwinul 

Ubiquinol is the two-electron reduction product of coenzyme Qlo (CoQ& a naturally-occurring, 
lipid-soluble nutrient (Frei et ai., 1990; Schoepp, 1997; Pepping, A 999),. The term CoQ refers to 
a class of homologous benzoquinones that have been identified in all plants and animals, as 
well as in a majority of microorganisms (Budavari ef al., “1996; Nohl et al., 9998). Benzoquinone 
homologs consist of a redox active quinoid moiety, and a hydr~~hob~~ side chain comprised of 6 
to 10 isoprenoid units, depending on the species (Ibrahim et al., 2000; Matthews et a/., 1998; 
Lenaz, 2001). In humans and most mammals, including dogs, the predominant form of 
coenzyme Q is coenzyme Quo (CoQ&.which, consists of “10 isoprenoid units in the side chain 
(Ramasarma, 1985). In rats and mice, the primary form is coenzyme Qs, which contains 9 
isoprenoid units. However, low levels of coenzyme Q?o have also been reported in rats and 
mice (Battino et a!., 1992). Coenzyme QIb and its red<uced form are also referred to as 
ubiquinone (or ubiquinone-I 0) and ubiquinol (or ubiquinol-XI), respectively. 

The conversion between gbiquinone, the oxidized form, and ubiquinol the reduced form, is 
shown in Figure 1 below. 

Figure 1 Structures of coenzymes Q 
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4.d.2 Physical and chemical proparties of @ iquitxoS 
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Stabiiity: Obiquinol is easily oxidized in air, forming ubiquinone. 

I Molecufar formula : C&&@34 

H Chemical name: 2-@E,6E,l ;14&18E,22E,26E,3QE,34E)- 
3,7,11,15,19,23,27,31,35,39-Decamefhyl- 
2,6, IO, ?4,18,22,26,30,34,3&~etracontadecaeny~J-5,6-dimethoxy-3- 
methyl-l ,4-benzenediol 

H CAS Registry No.: 992-78-9 
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4.3 BIOCHEMtCAL COMS!DERA~fO:NS .AND 

4.3.1 Biochemical Cansiderations 

BIOAVAf LABlLK+f 

4.3.1.1 

4.3.1.1. I 

Occurrence 

Ckcurrence in Humans 

Ubiquinol is the two-electron reduc=tion product of coenzyme Qlo (CoQ& a naturally-occurring, 
lipid-soluble nutrient (Frei et at., 1990; Schoepp, 4997;,,Pepping, $999). The term CoQ refers to 
a class of homologous benzoquinones that have been identified in all plants and animals, as 
well as in a majority of microorganisms @udavari et al., 1996; Nohl ef al., 1998). Benzoquinone 
homologs consist of a redox active quinoid moiety, and a hydrophobic side chain comprised of 6 
to 10 isoprenoid units, depending on th& species (Ibrahim et al., 2000; Matthews ef al., 1998; 
Lenaz, 2001). In humans ,and most mammals, including dogs, the predominant form of 
coenzyme Q is coenzyme Qlo (CoQ& which consists of 10 isoprenoid units in the side chain 
(Ramasarma, 1985). In rats and mice the primaw form is coenzyme Qs, which contains 9 
isoprenoid units, however,. low levels of Goenzyme QlO,have ,also been reported {Battino et al., 
1992). Coenzyme Qlo and its reduced form are also referred to as ubiquinone (ubiquinone-IO) 
and ubiquinot (ubiquinol-IO), respectively. 

Coentyme Qlo is located ih the hydrophobic interior of .neariy every cellular membrane, and to 
varying degrees in all tissues (Lass and Sohal, 1999; Nohl et al., 1998)., Since its discovery in 
1957 by Crane and cofteagues {Bertelli and Ronca, ‘l990), coenzyme Qao has been extensively 
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studied for its key role in .mitochondrial energy production, where it acts as both an electron 
carrier and proton translocator during ceilufar respiration and adenosine triphosphate (ATP) 
production (Hughes ef aii, 2002; Nohl et al., 2001; Nohl et a!.‘, ?99&). Apart from its involvement 
in mitochondrial energy coupling, coenzyme QIo has also been shown ,to function in its reduced 
form (i.e., ubiquinol) as an antioxidant in both mitochondna and lipid membranes (Forsmark- 
Andree et af., 1997; NoaGk et af.,. 19942. In addition, ubiquinoi; like coenzyme Q,o, has been 
shown to be an integral part of virtually all living celta (Frei et al,, 1990). 

Although coenzyme Qlo becomes oxidized as a result of its antioxidant function, a substantial 
amount is maintained in its reduced state in the plasma membrtine and’ endomembranes 
(Takahashi et al., 1993), as well as ,in lipoproteins (Stocker and, Frei, 1991). in the plasma 
membrane, reduction of coenzyme Qlo is achieved through the involvement of several CoQ- 
reductases (e.g., DT-diaphorase and NADPH-CoQ reductase) that may be either integral 
membrane proteins or cytosolic enzymes (Arroyo ef al., 2060). Stocker and Suarna (1993) also 
reported that natural ubiquinanes are readily reduced after dietary uptake. While it is generally 
accepted that oxidized coenzyme Q&s the final product of its biosynthetic pathway, some 
authors (Stocker and Susrna, 1963; Schultz et al., 1996) have proposed that the de nova 
synthesis of the hydroquinone also contributes, at lea$t in part, t&he high levels of ubiquinol 
observed in vivo. In fact, :ubiquinol is the most common form of coenzyme Qro in viva (Frei et 
a/., IQQO), and represents more than 80% of the total ubiqu[nol-IO * coenzyme Qto pool in 
human plasma, intestine and liver (Edlund, 1988; Okamoto et& lQ8Q; Aberg et al., 1992). In 
the plasma of healthy adults, ubiquinol-10 accounts for approximately 95% of the total 
concentration, while ubiquinone-IO accounts for only 5% (‘Yamashita and Yamamoto, 1997); in 
human urine, ubiquinol-IQ accounts for”a~prox~mately,59% of the total ubiquinone-30 
concentration (Okamoto ef al., 1989). Aberg er,aI. (iQQ2) reported that Ihigh fevels of reduction 
(70 to 100%) were also observed in human tissues including, the liver, pancreas, and intestine. 
Only in the brain and lung. was most of the ub~ui~one,~appr~ximately 80%) in the oxidized 
state. In contrast, the degree of ubiquinone reduction in ail rat tissues was less than in 
corresponding human &&es. 

Several authors have examined plasma concentrations of ubiquinol in human volunteers. For 
example, Kontush et al. (1997) reported that concentrations of ubiquinol-$0 in plasma of young 
and aged controls were 0.66 and 0.77 t.&J respectively, (0.57 pg/mL and 0.67 FglmL, 
respectively) while the percentage of total ubiquinol-IO + ubiquinone-IO was 85.7 and 83.1% in 
young ,and aged controls, respectively. Similarly, Mites et af. (2003) reported the plasma 
concentration of ubiquinol-l0 in healthy adults was 1.67 PmotlL (0.93 PgImL), and Kaikkonen et 
al. (2999) reported values ,ranging. from 6.5 to 2.0 I.crnot/t (0.43 to 1.73 yglml). Since ubiquinot- 
10 can be rapidly recycled from its oxidized form by various electron’ transfer systems (Crane et 
a/., 1993), Stocker and Suarna (1993) suggested that fhe reduction of ubiquinone-90 to 
ubiquinol-l0 by the liver plays an important role in maintaining its level in plasma. 
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Dietary supplementation with coentyme QI~ (I 00 to 300 mglday) has been shown to increase 
concentrations of ubiquinot-10 in plasma and all of its tipoproteins (Mdhr et a/., 1992). For 
exampie, in low-density lipoproteins (LDL), maximal s~pp~m~~ta~o~ is achieved following 4 to 
5 days continuous wenzyme QI~ supplementation, and at this time a 4.to &fold increase is atso 
observed in LDL’s ubiquinot-10 concentration [from 0.5 to 0.8, to 2.0 to 3.0 ubiquinol-IO 
molecules per LDL] {Thomas et al., 1996; Mohr .et ai., 1992). it is noteworthy that coenzyme 
QIo supplementation does not alter the ratio of ubiquinof-10 to ub~qu~~o~e-~o in LDL or plasma; 
the ratio remains constant with as much as 95% of the total coenryme Q present as ubiquinol- 
IO (Mohr et al., 1992). As such, Thomas ef al. (1999). suggested that this finding was an 
indication that sufficient reducing potential is avaitable to keep circulating coenzyme Q in the 
reduced form. Similarly, Takahashi- et a/. (1993) reported that a high ratgo of ubiquinol to total 
ubiquinone (approximately 85%) was maintained even when serum;concentrations of total 
ubiquinone were enhanced through orat ~uppfementa~on with the oxidized form of ubiquinone. 
The authors suggested that this finding was tin indication that’.the oxidized form of ubiquinone, 
when taken orally, is reduced to ubiquinol at the expense of reducing’equivalents including, 
ND(P)H. 

Several authors (Kontush:et al,, 1997; Yamamoto and,Yamashita, 1997, 1999; Lagendijk etai., 
1997; Wittenstein ef a/., 2002) examined plasma ubiquinol and ubiquinone concentrations in 
patients with various pathologicat conditions (e.g., hyperlipidemia, hepatitis, cirrhosis, 
hepatoma, coronary artery disease [CAD], diabetes mottitus), and reported that the ratio of 
ubiquinol to ubiquinone was decreased in these patients compared to healthy subjects. For 
example, Lagendijk et al. (I 997).presentod the following comparison of coenryme QIo 
parameters between patients with CAD (~40; mean dge = 52.6) and controls (n=40; mean age 
= 52.6): 

-. - _----I_. ,_ 

4.3. I. 1.2 Occurrence in Animals 

Aside from those investigations conducted,in human volunteers, several authors have examined 
the concentration of reduced coenzymes Q, as wel as.the ratio of reduced forms to oxidized 
forms, in rodents. In mice: tissues involved k-r detoxification, such as the kver and kidney were 
shown to have high levels of reduced forms, which may, as Podda et: al. (1996) and Tang et al. 
(2004) suggested, protect ithem from radicals escaping the P450 enzyme system. For example, 
according to Podda et a/. (I 996), concentrations of ubiquinol-9 and ubiquinol-10 in the liver and 
kidney were respectively, 42 and 81 nmo~~g tissue, and I .7 and 11 ~~~~~g tissue, compared to 
ubiquinol-9 and ubiquinot-3 0 concentrations of 1.6 and 0.6 nmol/g tissue in the brain, and I9 
and 2.8 nmollg tissue in the heart. 
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Tang et al. (2004) reported that mouse heart [mean (n=lO): 897.5 nmollg protein] and liver 
[mean (n=lO): 281.3 nmol/g protein] contained appreciable concentratians of ubiquinol-9 
compared to skeletal mu$cfe [mean (n=;IO): 154 nmolig protejn] and brain [mean (n=lO): 92.2 
nmol/g protein]. For ubiqpinof-IO, mouse heart [mean (n=lO): 83.8 nmol/g protein] reportedly 
contained a relatively appreciabie amount, compared to the liver [mean,(n=l 0): 4.6 nmollg 
protein], skeletal muscle [mean fn=‘IO); 6.5 nmol/g pmtein] end bra@ [mean (n=lO): 26.7 nmol/g 
protein]. In addition, the authbrs reported that percentages of ubiquinot9 in total COG& were 
85.5% in the liver, 60% in the heart, 5%.7% in the muscle, and 31.2% in the,brain; percentages 
of ubiquinol-10 in total CoQIo were 88.6% in the liver, ‘60.9% in the heart, 57.9% in the muscle, 
and 35.3% in the brain. Tang et al. (2004) noted that according to Podda et al. (1.996) the 
percentages of ubiquinol-9 in brain, heart and liver were appruxim~tely 14%, 7%, and 4%%, 
respectively, while the peiceotages of ubiquinol-l0 were 35% in brain and 12% in heart (due to 
the sensitivity of the ultraviolet (UV) detector, Podda ef al. (1996)‘did not measure ubiquinone 
10 in liver). Recognizing *he percentages of reduced forms that they observed in mouse heart 
and liver were greater than thase obseryad by Podda at al. (1996), Tang et al. (2004). suggested 
that such differences werk the result of variations in sampling, extr~~t~o~ and analytical 
methods. 

As mentioned previously, differences in the. ratio of th? reduced form to.oxidized form have been 
reported in patients with uarious path~~o~ica~~~ondit io~s compared io h&thy subjects. 
Similarly, variations in the ratio of the reduced form tooxidized form have also been shown to 
exist among different spebies,. For example, in general, the reduced fraction (ubiquinol) has 
been reported to be high& in human than rat (Table 1). 
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Table 1 Coenzyme Q Concentration, Type and Extent of Reduction in Human and 
Rat Tissues 

The values are presented in FgSrg tissue, Data is taken from Aberg et al. (192) and Runquist et al. (1995). 

Takahashi et al. (1993) examined the concentrations of oxidized and reduced forms of 
ubiquinone homoiogues in rat tissues and subcelfular fractions to darify their distribution and 
physiological role. Concentrations (n=4 to 8) in tissues are shown in Table 2; the values are 
means, m/g wet tissues or mL plasma. 

Table 2 Concentrations of Oxjdiqed and Reduced Fomts of Ubiquinone in Rat 
Tissues and,Subce!lut;nr Fractiions 

b {[i&t&-UQ]} X foe 

Similarly, UC&9 and UQ-I:0 were detected in all blood cefls’isolated (i.e., erythrocytes, ghost 
cells, endosomes, leukocytes, and ptatete2s). Leukocytes and platelets; which have 
mitochondria, possessed higher concentrations of t-l&J-9 (totai CoQ9) and t-UQ-10 (total COQKI) 
than did erythrocytes, which do not have mituchondria. The UC&d fbrms were beiow 10% of the 
t-UQ in erythrocytes and leukocytes, and they were not detected in platelets. With respect to 
subcellular distribution of ‘UQ, and UQr4 homologues- in rat liver and kidney, atI fractions tested 
(ie., nuclei, mitochondria, crude lysosomes, crude n%crosomes,.oytosoi, @asma membranes) 
contained significant amounts of UQ-9 and UQ-10. The levels of the UQred forms reached 60- 
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70% of those of the t-UQ hsmologs in a majority of subcellular fractions of the liver, and 
accounted for approximately 25% of .those in kidney. 

Based on these findings, Takahashi et al. (1993) concluded that a31 rat tissues and subcelluiar 
fractions isolated from ‘the liver and kidney contain significant amount of ubiquinone 
homologues. In addition, the authors noted that 70 to 8O%,of the total amounts of each UQ, 
and UQred homologue in the liver and plasma, as well as 20 to 30% of those in other tissues, 
exist as the reduced hydroquinone form. 

4.3.1.1.3 Occurrence in Fuods 
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4.3.1.2 Physiological FuncWms 

Ubiquinol-IO, the reduced and most common fok of,colenlryme Qjo in viva, has 
been shown to be a p&M lipolhjlic antioxidant fvr pruta~t~~~ of tipids in a 
number of biological a@d model systems (Frei et aL, *99!; ErnsMr a.nd Forsmark- 
Andree, 1993). Fuqhermare, according to Ernstar a~nd’ S)aMer (19951, reduced 
coenzymes Q is the only known lipid-solwbfe a~t~~~~da~t that animaEs can 
synthesize de nov$ and for which there- exist ,mechanism@ that can regenerate it 
from its oxidized p,iodwct formed as a rest& of its, antioxidant activity.4.3.2 

Bioavailability 
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4.3.2.3 Publit&xl &ioav&la~~lity Datai in lhmans 

Mohr et al: (I 992) examined the effects of coenzyme Q~~‘supp~ementation on plasma and 
lipoprotein ubiquinol-90: concentrations* Within 6 hours of consumption of a single oral dose of 
100 or 200 mg coenzyme’ Qlo, totaf plasma coenzyn?e Qlo content was increased by 80% or 
150%, respectively, in a single subject. Long-term su~plarne~t~ti~~~ consisting of oral doses of 
100 mg coenzyme Qlo three times daily for 11 days.resulted in a 4-fold increase of ubiquinoi 
(GoQH2) in the plasma gnd LDL of 3,normoiipidemic male s&$&s. The proportion of 
coenzyme Qlo in the reduced state [percent GoQH2 = 100 GoQHZ, (coenzyme Qlo + CoQH2)] 
was reportedly unchanged by tr@atm@nt and remaifixi constant ,throughout the manitored 
period, with approximately 80% of the coenzyme present ai GoQHZ. The authors suggested 
that this finding indicatti that efficient reduction of coeniyme Q&to GoQH2 must occur either 
during absorption or rapidly after the appearance of coenzyms Qzo in the blood (Mohr et al., 
1992). 

In light of the approxim#e 4-fold increase in CoQHp:and the potentiaf role of GoQH2 as an LDL 
antioxidant, Mohr et al. (1992) atso examined-whether in viva supplemented LDL was 
correspondingly less susceptible to radica! oxidation. The authors reported that incubation of 
LDL (isolated from a singfe subject before and after long~term’su~je~e~tation) with 2,2’- 
azobis(2-amidinopropaqe hydrochlor~d~~ [AAPH, 2U’or 40 pL of 100 mM in 0.156 M NaClf 
resulted in immediate.formation of lipid hydroperoxides; formation iniWy occurred at very low 
rates, however, a marked increase in the rate of lipid oxidation was n&ad with the 
disappearance of 80 to 90% CoQH2. Results also demonstfated that-the cumulative radical 
dose required to reach 4 “break point” in lipid hydroperoxide formation (i.e., on a radical/LDL 
particle basis, RQO*/LD~ =3 for non-supplemented versus =I 1 for ths supplemented LDL) was 
nearly proportional to thp 4%foid increase observed in LDL-[CoQHz]. Qn this basis, Mohr et al. 
(I 992) concluded that oral supplementation with coenzyme C& increases CoQH2 in the plasma 
and all lipoproteins, thereby increasing the resistance of LDL to radical oxidation. 
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KANEKA QHTM wasused as the test material in aSt ubiquinol safety studies in Section 4.4.1 
(4.4.1.1, 4.4.1.2,4.4; 1.3 ). As previously discuss&d (see Section 4.3.1.1. I), pharmacokinetic 
studies in humans indicate that, foilowing oral supplementation. with the oxidized form of 
Coenzyme Q-l 0 (ubiquinonej, this compound is reduced atmost oompletely to ubiquinol in vivo. 
Therefore, information in’ the pubfished scientific literature rejated to-non-clinical toxicity, 
genotoxicity, and clinical safety of coenzyme QIo are a&o included in this notification to support 
the safety of ubiquinol. The following tabfe provides an ovebVjew of the test materials used in 
the safety studies described herein. 

4.4.1.2 Subchronic toxicity 
4.4.1.3 Genotoxicitv 

The ss,mple name, 
method, and the result 
are described as ubiqvinol 

4.42 Non-clinical 6% Genotoxici tYl Degraded Kaneka QH TN* I a. 

4.4.3 Clinical Safety Coenzyme QM I Publ~sbed scientific literature 

4.4.4 Supporting Safety studies 1 Coeuzymi QlO Pubtished scientific literature 

4.4.9 Non-chical and Genobxicity $tudies ~~~d~~t~d with KANEKA QH’” 

4.4.1.9 Acute Toxicity 
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4.4.2.2 Subchronic ‘Toxicity 

4.4.1.2.1 f3Week ~Study in Male and &ma/e Dogs 

April 28,2005 



PAGIZS 25 31 

. REDACTED. IN 13-S 

ENTIRETY 

CONTAINS 

TRAD,E SECRET 

CONFIDENTlA,L 

INFORMAilON 



4.4.1.2.2 IS-Week Studyin Male and Female Rats- 
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4.4.1.2.3 Follow up ?3Meek Oral Toxicity Study with ~bj~~i~~~ in Female Rats 
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4.4. I .3 Genotdxicity 
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4.4.3 Clinical Safety 

Pharmacokinetic studies in humans indicate. that, following oral supplementation with the 
oxidized form of Coenzyms Qlo (uhiquinona), this compound is redticed almost completely to 
ubiquinol in viva. On !this basis, clinical studies examining the safety of coenzyme QIo were 
considered supportiv& of KANEKA QHTM (ubiquino!) sa@ty. A brief summary of the available 
safety data for coenzyme Qlo is pravided‘below. 

Weber et al. (1994) inyestigated the effect of coenzyme Qlo supplementation on antioxidative 
status by exposing healthy subjects (n=2?) to coenzyme QTO supplementation before and after 
induction of oxidative stress by fish oil supplementation, and. &&sequently monitoring markers 
of plasma oxidative status [levels of antioxidants t~-~o~opherot, .ascorbic acid), lipid peroxidation 
products (thiobarbituric acid reacting substances; LTBAsiS)., and the total ,amount and redox 
status of coenzyme Qlo]. Stibjects consumed 90 mglday of ,coenzyme Qlo for 6 weeks; during 
weeks 3 and 4, a-tocopherol. (IO mglday) was added to the treatment regimen, while during 
weeks 5 and 6, sbbje&s a!so consumed 3 g/day fish oii (in capsules furnishing ?. 1 g/day EPA, 
0.8 g/day DHA, and IO mglday vitamin E) to increase oxidative stress. Results pertaining to the 
effect of coenzyme QTo supplementatjon on antioxidant plasma M&s and TBARS tire nut 
discussed herein since they were castsidered outsM&the scope-of the current document; results 
pertaining to the effect of coenzyme Qlo supplementatim on the, total amount and redox status 
of coenzyme Qro are summarized below. 

The level of total coen?yme Qloincreased significantly ‘after coenzyme Qlo,supplBmentation and 
remained constant throughout the supplementatioti period. In addition, the redox status of 
coenzyme Qto (reduced eoenzyme Q&otaal coenzyme Qlo) was unchanged by coenzyme Qlo 
supplementation. The authors sug&#ed that thisfinding in&+&d .that ex@enously supplied 
coenzyme Qjo is reduced -when appearing in plasma. Furthermore,‘ Weber et al. (I 994) 
suggested that the constant redox &&us implies the exist&ce of a reducing capacity for 
coenzyme Qlo large enough to maintain the majority of plasma coenzyme Qlo in the reduced 
form, even when the t$tal coenzyma Qlo level increased &fold. With respect to the effect of 
increased oxidative styess, the redox level of coenzyme QloIwas reportedly unaffected by the 
addition of fish oil to the treatment regimen (Webar et aA, ,1994). 

4.4.4 Supp&ting Safety-Studies Co~sdueted With t&enzyme Qfo 

As noted previously, pharmacokinetic studies in humansindicate-that, following oral 
supplementation with the oxi\dized form of Coenzyme Qlo ~.ub~qu~~o~), this compound is 
reduced almost compljetely to the reduced form, ubiquinul in viva. Mohr ef al. (199?) and 
Weber ef al. (1994) reported that following dietary supplementation with coenzyme Qlo, efficient 
reduction of coenzyme Qto to wbiquinol (CoQH2) occcErs either during absorption or rapidly after 
the appearance of coenzyme Qlo in the blood. Furthermore, umuinol-IO has been identified.as 
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the most common form of coenzyme Qjo in viva (Frei et al., 19901, representing more than 80% 
of the total ubiquinol,?O f coenzyme Qlo pool in human p&m& intestine and liver (Edlund, 
1988; Qkamoto et al., ;7 989; Aberg et a!., 1992). dn  this btisis, stuc#es examining the safety of 
coenzyme QIo were considered supportive of ubiquinal safety, and a  brief summary of the 
available safety data for coenzyme QqO is provided below. 

4.4.4.1 Non-Clinical Safety of Coenzyme Qlo 

4.4.4.2 Clinic;sil Safety of Caenzyme Q~o 

Coenzyme Qlo deficiency has been reported in patients with,vanous -cardiovascular d iseases 
(e.g., congestive. heart failure, angina .pectoris, coronary artery disease, cardiomyopathy, 
hypertension, m itral valve prolapse), therefore, much  of-the available ciinicaf data for coenzyme 
Qlo was obtained from studies examining its possible therapeutic effect in these conditions. 
Although in most instances the safety of coenzyme Qto supplementat ion was not the focus of 
clinical trials, the abse,nce of major adverse effects in .subje&s, as  reported by several authors 
(Shults et a/., 2002, The Huntington Study Group, 2001, Baggio et ef., 1994; Hofman-Bang ef 
al., 1995; Langsjoen ef al., 1990), does offer support for safety. Adverse effects associated with 
coenzyme Qlo therapy were reportedly rare and included nausea (0,16%), decreased appetite 
(0.23%), epigastric dis~mfo~~~O.39%~,.vom~ting (rare), and diarrhea (0.12%). Increased lactic 
dehydrogenase and serum glutamic oxalotransferase levels have also been observed in rare 
instances, at coenzyme QIO doses above 300 mg/day; however, serious hepatotoxicity has not 
been reported (Singh et a/., 1998; Tran et al., 2OOi). The use of coenzyme Qlo is not 
recommended in patients with renal. insufficiency, wdusing pregnancy and lactation 
(Micromedex, undated; Tran et al., 2061). 
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4.4.5 Proposed Daily Make . 

As mentioned in Section 3 of the current document, lab& directions of the dietary supplement 
containing KANEKA QH” w#J: suggest or recommend consumption ‘of up to 6 servings per day, 
resulting in a maximum daily consumption of up to 300 mg KANEKA QH” (equivalent to 6 
mg/kg/day for a 50 kg body weight person). : 

Shapiro et.&. (1995) a& Mugford and Kedderis (1998) $wgges@d that exaggerated 
gender differences in ‘rat d,rug- metabofi%m might hinder extrapolation to other species, including 
humans, in which gehder-related differences are generally subtler. y 

Aside from gender-dependent differences noted in femaie rats, the selection of an appropriate 
experimental animaf r-hodel was inftwenced by reported species-dependent differences. 
Specifically, as mentibned in Section 4.3.1 .I .I, eoenrj/me Q hamologs consist of a redox active 
quinoid moiety, and aa hydrophobic side chain comprised of 6 to 10.isoprenoid units, depending 
on the species (ibrahim et a/., 2000; Matthews ef al., 1996; Lenaz, 2001). In humans and most 
mammals, including dogs, the predominant form a! coenzyme Q is coenzyme Q,o (CoQlo), 
which consists of 20 isoprenoid units in the side chain (Ramasarma, j985). In rats and mice the 
primary form is coenzyme Qs, which contains 9 isoprenoid units (Battino et al., 1992). -...- 
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SUMMARY 
The information presented herein shows that: 

0) The chemical composition .of KANEKA QH? is weH characterized, and the 
manufacturing process yields. a product ~~~n~t~ated to reproducibly meet 
compositional specifications. 

(ii) 

(iii) 

-t.* 

(iv) Numerous ‘studies in the scientific literature have demon&rated the safety of 
coenzyme ,QIO. Given that efficient reduction of ~e~zyrn~ Qlo to ubiquinol (CoQH2) 
occurs either during absorption or rapidly after the appearance of coenzyme Qto in 
the blood, studies conducted with coeniyme Qzo were considered supportive of the 
safety of MNEKA QHTM. 

- w Small quaritities ofKANl$$A QH” will be consumed as dietary supplements. 

(vi) Ubiquinol is a vital nutritive, substance naturally present in human tissues and a 
common component of the human diet. 
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CONCLUSfON 

Based on the evidence above, including,resufts of chronic safety studies, the absence of 
mutagenic and reproductiye activity, the p~esenca of a safety factor in c?xcess of 100-fold for 
human exposure compar@d to the lowest effect levels ie saf@y studies, a,nd~substantial clinical 
experience indicating am@e tolerance as weft as potential benefit, gafleka concludes that the 
chronic use of KANEKA QH” in dietary supplements at.a fevef of up. to 3QU mg KANEKA QH” 
(equivalent to 6 mg/kg/day for a 50 kg body weight pers?n), @ if,be reason&bly expected to be 
safe. 
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